The World Health Organization's Disability Assessment Scale II (WHO-DAS II) is a generic health-status instrument that provides six domain scores and a total, aggregate score. Two of the domain scores, communication and participation, and the total score, have good validity, internal-consistency reliability, and test-retest stability in individuals with adult-onset hearing loss. As such, these two domain scores and the total WHO-DAS II score may be useful as generic outcome measures to assess the effectiveness of hearing aid intervention for this population. Before the use of the WHO-DAS II in hearing aid clinical trials, however, the responsiveness of the instrument and the short-and long-term outcomes to hearing aid intervention had to be determined. Responsiveness and outcomes were assessed in 380 veterans (approximately half received hearing aids and half served as controls) by examining group differences, effect-size estimates, and individual differences as a function of hearing aid intervention. For comparison, data also were obtained on two disease-specific measures, the APHAB and the HHIE. The WHO-DAS II communication domain and total scores were sufficiently responsive to hearing aid intervention for use in future studies in which group differences are to be detected. The WHO-DAS II participation domain was not sufficiently responsive to hearing aid intervention. The APHAB and HHIE, both disease-specific measures, were more sensitive to hearing aid intervention than the generic measure. The short-and long-term outcomes of hearing aid intervention were also examined in the present study. Group outcomes for hearing aid intervention can be expected to be stable for at least 6 months when measured by WHO-DAS II total score and for at least 12 months when measured by the WHO-DAS II communication domain scores. Effect-size estimates and examination of the number of individuals exhibiting change scores exceeding 90% critical differences for true changes in scores indicate that for clinical applications, disease-specific instruments are more useful than the WHO-DAS II. The findings of this study support the use of the WHO-DAS II as a generic measure in hearing aid trials research so as to allow for comparisons of healthstatus outcomes across different diseases or disorders.
Introduction
According to the National Council on Aging (1999) , hearing impairment is one of the most prevalent chronic conditions in the United States, and when left untreated, hearing loss can cause serious emotional and social consequences for older individuals. Other reported adverse effects of adult-onset hearing loss include declines in both cognitive function and subjective well-being (e.g., Bess et al., 1989; Mulrow et al., 1990; Bess et al., 1991; Keller et al., 1999; National Council on Aging, 1999; Strawbridge et al., 2000; Dalton et al., 2003; Pugh, 2004) .
Hearing aids are the primary intervention for adult-onset hearing loss, and their use results in beneficial treatment effects that include reductions in psychosocial handicaps associated with hearing loss, reductions of depression, improvements in self-concept, and improvements in interpersonal relationships as documented with disease-specific outcome measures 1 (e.g., Harless and McConnell, 1982; Mulrow et al., 1990; Bridges and Bentler, 1998 Kochkin and Rogin, 2000) . The broad spectrum of documented declines in functional health status that accompany adult-onset hearing loss, however, has led hearing researchers to supplement disease-specific measures with generic quality-of-life outcome measures (Bess, 2000) . The use of generic measures allows for the adoption of a more global approach to measuring treatment efficacy and effectiveness.
Previous studies examining the effects of hearing aid intervention for adult-onset hearing loss have used a variety of generic self-report instruments, such as the Sickness Impact Profile (SIP) (Bergner et al., 1976) , the Medical Outcomes Study Short-Form 36 (SF-36) (Ware and Sherbourne, 1992) , the Self Evaluation of Life Function (SELF) (Linn and Linn, 1984) , the Dartmouth COOP Functional Health Assessment Charts (Nelson et al., 1987) and the EuroQOL (The EuroQOL Group, 1990) . In a review of studies that used generic outcomes instruments, Bess (2000) found the instruments failed to show treatment effects for audiologic intervention. In fact, Bess concluded that there was a critical need for the development of a generic instrument that would be sensitive to hearing aid intervention.
Another important occurrence that has highlighted the need for a generic, holistic approach to outcome measurement to assess the effects of hearing aid intervention is the shift in health-care resource allocation from a specific cost for a service to the calculation of the cost for a service as a function of improved patient health status (Beck, 2000) . According to Beck, some managed care plans have begun to cover some audiology services and rehabilitative technologies. Increased third-party payment is beneficial to the field of audiology; however, third-party payers will likely demand evidence in the form of quantitative outcome measures that support an improvement in quality of life as a result of hearing aid intervention. Generic instruments are needed to compare improvements in functional health status as a result of hearing aid intervention with improvements in health status that arise from treatment for other chronic diseases or disorders such as high blood pressure, arthritis, and diabetes mellitus.
Recently, a new generic health-status instrument, the World Health Organization's Disability Assessment Schedule (WHO-DAS II) (WHO, 2001) was developed to evaluate dimensions of disability and health status (WHO, 1999) . The WHO-DAS II includes items in the domain of communication, with two of the items appearing to be particularly relevant to individuals with hearing loss. The first asks how much difficulty a person has with "generally understanding what people say" and the second asks about difficulty with "starting and maintaining conversations." The WHO-DAS II also allows for the assessment of functioning in the domains of mobility (getting around), self-care, interpersonal relationships (getting along with others), life activities at home and work, and participation in society. Thus the WHO-DAS II assesses a broad range of specific domains that aggregate to provide a general estimate of health-related quality of life. In examining the psychometric properties of the WHO-DAS II in older individuals with adult-onset hearing loss, Chisolm et al. (2005) found that the communication and participation domains as well as total scores were adequate for use in the adult hearing-impaired population in terms of convergent validity, internal-consistency reliability, and test-retest stability.
Given that the WHO-DAS II is adequate from a psychometric perspective for use in adults with acquired hearing loss, the next step for determining the utility of the WHO-DAS II is an examination of its responsiveness to hearing aid intervention. The responsiveness of any test instrument refers to the extent to which changes in the observed values reflect changes in the "state" of an individual (Hyde, 2000) . An instrument's responsiveness can be examined in terms of "individual" or in terms of "group average" effects. In both cases, the state of an individual before the intervention is compared to the state of an individual after the intervention. One reason that an instrument may lack responsiveness to a particular intervention is that the items do not cover adequately the effects of that intervention (Hyde, 2000) . As Abrams et al. (2005) point out in their review of the available generic health-status instruments, few contain any items relevant to hearing loss and/or communication.
Thus, one goal of the present study was to determine the responsiveness of the WHO-DAS II communication and participation domains, and total scores, to hearing aid intervention. To assess test responsiveness, treatments or manipulations that are known to have a substantive effect on the attribute of interest are applied and the change that occurs on the test measure becomes an index of the responsiveness of the test measure (Hyde, 2000) . To confirm that the hearing aid intervention applied had a substantive effect on the participants in the present study, two disease-specific instruments, the Abbreviated Profile of Hearing Aid Benefit (APHAB) (Cox and Alexander, 1995) and the Hearing Handicap Inventory for the Elderly (HHIE) (Ventry and Weinstein, 1982) , were included. Both are known to be responsive to hearing aid intervention.
The present study was also designed to examine the short-term and long-term outcomes of hearing aid intervention using the WHO-DAS II communication and participation domains, and total scores. For comparative purposes, outcomes were measured using summary measures for two disease-specific instruments (i.e., APHAB and HHIE). Outcomes were examined over the course of 1 year.
Examination of both short-term and longterm hearing aid outcomes is important, as the constancy of outcomes measured with diseasespecific instruments has been questioned in the literature. Some studies indicate that outcomes are stable over time (e.g., Surr et al., 1998; Malinoff and Weinstein, 1989; Mulrow et al., 1992; Chisolm et al., 2004) , whereas other studies show that self-report outcomes decrease over time, with objective measures of benefit remaining stable (e.g., Taylor, 1993; Humes et al., 2002) . The utility of the WHO-DAS II as an outcome measure for hearing aid intervention would be strengthened if stability were observed for an extended period of time. In examining the stability of WHO-DAS II outcomes, it is important to determine if the outcomes for the participants in the present study, on commonly used disease-specific self-report instruments, also were stable. Thus, the present study compared outcomes obtained after 2 months of hearing aid use with those obtained at 6 and 12 months postintervention, not only for the WHO-DAS II but also for the APHAB and the HHIE.
Methods
As described in detail in Chisolm et al. (2005) , the data presented here were obtained as part of a multisite study designed to examine the effects of hearing aid intervention on quality of life. The study sites were the James H. Quillen Veterans Affairs Medical Clinic (VAMC), Mountain Home, TN; Tennessee Valley Healthcare System, Nashville TN; VA Pittsburgh Healthcare System, Pittsburgh, PA; and James Haley VAMC, Tampa, FL.
Participants
Initially 384 veterans with adult-onset sensorineural hearing loss who were receiving hearing aids for the first time were recruited. Four subjects did not receive a passing score on the Mini Mental State Exam (Folstein et al., 1979) and were withdrawn before the collection of baseline outcome measures, resulting in 380 participants who were eligible to receive hearing aids at no cost to them through the national VA hearing aid program. Additional inclusion criteria consisted of the presence of at least a mild, high-frequency sensorineural hearing loss as evidenced by a pure-tone average of 30 dB HL or more at 2000, 3000, and 4000 Hz in the better ear.
All participants dwelt in the community, had access to a telephone, and had no known neuro-logic or psychiatric disorders as determined by chart review or known comorbid diseases that would preclude completion of the study. Participants were excluded for conductive or retrocochlear pathology as well as asymmetry of either pure-tone thresholds or speech-recognition scores in quiet. Detailed information about demographic characteristics can be found in Chisolm et al. (2005) .
To examine responsiveness of the WHO-DAS II to hearing aid intervention, half of all participants were randomized upon recruitment into an immediate treatment (IT) group and half to a delayed treatment (DT) group. The failure of four participants to pass screening criteria resulted in 189 in the IT group and 191 in the DT group. The IT participants received hearing aids 2 weeks after recruitment into the study. The DT participants, who functioned as the wait-list control group, received hearing aids 10 weeks after recruitment. To examine hearing aid outcomes after the evaluation of initial responsiveness, all participants were followed for 1 year after their hearing aid fittings.
Outcome Measures
The WHO-DAS II is a 36-item instrument that provides 6 domain scores-communication, mobility, self-care; interpersonal; life activities at home and work, and participation-and a total score. In the WHO-DAS II, if respondents do not work, only 32-items are administered and the life activities score is based only on participation in home-related activities. Most of the participants in the present project were retired, so the 32-item version was administered. For each question an individual is asked "In the last 30 days how much difficulty did you have in . . .?" Responses are given on a 5-point Likert-type scale from 1 (none) to 5 (extreme/cannot do). Raw scores are transformed into standardized scores ranging from 0 to 100, with 0 indicating the best health state and 100 indicating the poorest health state.
Research by Chisolm et al. (2005) demonstrated good convergent validity, internal-consistency reliability, and test-retest stability for the WHO-DAS II communication and participation domains as well as the total score in individuals with adult-onset hearing loss; therefore, these two domain scores and the total score were used to determine responsiveness to hearing aid intervention. Table 1 lists the six items that comprise the communication domain and the eight items that comprise the participation domain.
Two disease-specific instruments, the APHAB and the HHIE, were also administered. The APHAB is a 24-item questionnaire in which individuals report the amount of trouble they have with communication or noises in various everyday situations (Cox and Alexander, 1995) . The APHAB produces four subscale scores: ease of communication (EC), listening in background noise (BN), listening in reverberant conditions (RV), and aversiveness of sounds (AV). The APHAB global score, which consists of responses on the EC, BN, and RV subscales, was used as a summary measure in the present study. For the global score, which ranges from 0 to 100, lower scores indicate better performance, and higher scores indicate poorer performance.
The HHIE is a 25-item questionnaire that consists of 13 emotional and 12 social questions (Ventry and Weinstein, 1982) . Three scores can be obtained: emotional and social subscale scores, which combine to provide the total score. Total scale scores, which were used in this study, range from 0 to 100, with higher scores indicating greater perceived difficulties and lower scores indicating less difficulty.
Procedures
The participants were recruited over an 18-month period at each of the four sites. A timeline of study visits can be seen in Figure 1 . In the first research visit, the participants were consented and screened to determine if inclusion criteria were met. A standard clinical audiologic assessment (pure-tone thresholds, speech audiometry, and immittance audiometry) was completed, and participants were counseled regarding the degree and type of hearing loss. Hearing aid options were discussed, and the earmold impressions were made. The participants were required to take a break of at least 30-minutes before questionnaire administration.
After the break, baseline administration of the WHO-DAS II, the APHAB, and the HHIE was completed. Order of questionnaires was randomized across participants to control for order effects. Questionnaires were administered in a face-toface format in which the examiner read aloud each question to the participant who was looking at an easel displaying all possible response alternatives for a specific item. The participant ver-bally responded and the examiner keyed the response into a customized software program. Participants used a pocket talker during questionnaire administration if difficulty hearing was observed by the examiner.
Immediately before the hearing aid fitting, the second research session occurred. For IT group participants, this was 2 weeks after baseline; for DT group participants, this was 10 weeks after baseline. During the second session, which is referred to as the retest/hearing aid (HA) fitting appointment, participants were administered the WHO-DAS II and the other subjective outcome measures in a different random order than that used in the baseline session. This second administration of outcome measures to the IT group just before hearing aid fitting was done to allow for the examination of short-term (i.e., 2-week interval) and long-term (i.e., 10week interval) test-retest stability (see Chisolm et al., 2005 for discussion).
After the administration of outcome measures, participants were fitted with their custom in-the-ear digitally-programmable, analog or fully digital hearing aids in accordance with currently accepted clinical practice guidelines (Joint Audiology Committee, 2000) . The hearing aids were fit using real-ear measures (Frye, Model 6500). Initially the insertion gain was set to approximate closely an National Acoustic Laboratories-Revised target (Byrne and Dillon, 1986) with a 65-dB SPL input of composite noise and each participant seated 1 meter from the speaker at 45°azimuth. The root-mean-square (rms) difference value (Byrne, 1992) was calculated from 500 to 2000 Hz to measure the accuracy of insertion gain compared with the prescribed target. The fitting parameters were modified, if needed, in accordance with current clinical practice.
After the insertion-gain measurements, realear saturation response was completed on each ear using an 85-dB SPL input of composite noise and having the participant look at a loudness scale, similar to that used by Hawkins et al. (1987) to make judgments regarding the volume of the noise. If a participant reported the volume to be uncomfortably loud, then the output was decreased and the task was repeated. If any of the hearing aid parameters were changed, then the rms difference was calculated and documented for the user settings. Hearing aid stability was verified by using 2-cm 3 measures throughout the study period. All participants were seen for a third research visit at 2 months after the retest/HA fitting. For the IT group participants, this third research visit was not only 2 months after the retest/HA fitting but also 10-weeks from when baseline measures were obtained. Thus the responsiveness of the WHO-DAS II to hearing aid intervention could be determined through a comparison of baseline with measures made 10 weeks after baseline for the IT and DT groups.
Both IT and DT participants were also seen 6 and 12 months after their hearing aid fittings to allow for the assessment of long-term outcomes. At each test interval, a different random order of presentation of self-report measures was used. All participants were contacted by telephone monthly to facilitate hearing aid use and to monitor hearing aid performance. The number of participants who returned to complete questionnaires at each test interval is summarized in Table 2 .
Analyses
To examine the group responsiveness of the WHO-DAS II to hearing aid intervention, the data obtained from the IT and DT participants at baseline and 10 weeks later were examined using general linear model repeated-measures analyses of variance (ANOVA). For comparison purposes, separate ANOVAs were also conducted for the two disease-specific measures, APHAB global scores and HHIE total scores. In each analysis, there was one between-group variable (group: IT vs DT) and one within-group variable (test interval: baseline vs 10-week follow-up). Significant interactions were examined further by t test post hoc analyses with Bonferroni corrections made for multiple comparisons. The significance level for each of the ANOVAs and post hoc analyses was set to p < .01. All statistical analyses were performed using SPSS version 13.0 (SPSS, Inc, Chicago, IL) for Windows (Microsoft, Redmond, WA).
As presented in Table 2 , at 10 weeks after baseline, data were missing for 13 participants in the IT group and 5 participants in the DT group. Rather than ignore the cases with incomplete data for these and subsequent ANOVAs examining short-term and long-term outcomes of hearing aid intervention, an intention-to-treat analysis (Nich and Caroll, 2002) was conducted with missing data handled by assigning hypothetical outcome scores estimated through the use of the SPSS Missing Values Analysis module. This module uses the iterative expectation maximization approach in which the data are considered missing at random (Overall et al., 1998) . That is, the cases with incomplete data are assumed to differ from those with complete data but that the pattern of missing data can be predicted from other variables in the database rather than because of specific outcome variables for which the data are missing (Peduzzi et al., 2002) . In estimating the missing data for this study, the variables of age, gender, marital status, audiometric right and left ear air conduction thresholds, baseline, retest, and all available follow-up scores were used.
Effect-size estimates were calculated with the baseline and 10-week follow-up data from the IT participants by using the procedures suggested by Dunlop et al. (1996) . The effect sizes were calculated as the difference between baseline and 10week scores, divided by the pooled standard deviations of the baseline and 10-week scores. The results were interpreted according to Cohen's d (1988) effect-size index in which 0.2 corresponds to a small effect, 0.5 to a moderate, and 0.8 to a large effect.
To address the second goal of this project, the examination of short-and long-term outcomes of hearing aid intervention, the data obtained for all participants regardless of IT or DT treatment group at baseline, retest of baseline, and at 2, 6, and 12 months after the hearing aid fitting were examined by using repeated-measures ANOVAs. For comparison purposes, separate repeated-measures ANOVAs were used to examine the effect of test interval on the APHAB global score and the HHIE total score. Each analysis had one withingroup variable (test interval: baseline, retest, 2, 6, and 12 months after the hearing aid fitting). Significant main effects were examined with post hoc t tests using Bonferroni corrections for multiple comparisons. The significance level for each of the ANOVAs and post hoc analyses was set to p < .01. In addition, the utility of the WHO-DAS II communication and participation domain scores and the total score for detecting individual differences in response to hearing aid intervention was examined by determining the number of participants in each group whose change in scores from retest to 2 months after the hearing aid fitting exceeded 90% critical differences for true changes in scores as reported by Chisolm et al. (2005) .
Results and Preliminary Discussion
Responsiveness of the WHO-DAS II Inferential analyses. Table 3 lists the mean scores and standard deviations obtained at baseline and at the 10-week follow-up for the participants in the IT and DT groups for each of the outcome measures. Also shown are the F values obtained for the interaction between group and test interval in separate ANOVAs for each outcome measure. In each of these analyses, the interaction effect, which was the effect of primary interest, was statistically significant. A post hoc analysis for each outcome measure revealed that the difference between baseline scores for the DT and IT groups was not statistically significant. At the 10week follow-up, significant differences between groups were found on all outcome measures. More important than these group differences were the differences that occurred as a function of test interval.
The difference score from baseline to 10-week follow-up for each group is listed in Table 3 , with significant differences at p < .01 indicated with an asterisk. As expected, there were significant differences as a function of hearing aid intervention for the IT participants on the two diseasespecific measures, the APHAB and the HHIE. Interestingly, the change in scores for the DT participants from baseline to the 10-week follow-up was not statistically significant for the HHIE total score but it was for the APHAB global score. This latter finding was somewhat unexpected and may reflect what is referred to as "response shift" (Schwartz and Sprangers, 1999) . Response shifts may affect the stability of selfreport measures and may occur for a variety of reasons, including the individual undergoing changes in (1) internal standards of measurement, (2) values, or (3) conceptualization of a target construct (Schwartz and Sprangers, 1999) . Changes in the internal standards of measurement or scale recalibration occur when individuals have new experiences that lead to a change in the perception of functioning (Howard et al., 1979) . In examining response shift through administration of a retrospective pretest completed at the time of post-test, Joore et al. (2002) demonstrated response shift on hearing-specific measures in adults being fitted with hearing aids for the first time. In the present study, it is possible that by confirming hearing loss and the need for hearing aids in the DT participants and then requiring them to wait 10 weeks before the hearing aid fitting, the APHAB-assessed perception of communication difficulties in various listening situations was increased for at least some participants.
The results in Table 3 for the WHO-DAS II communication and participation domains and total scores show that similar to the results for the disease-specific measures, significant interactions occurred between group and test interval for each WHO-DAS II measure. Further, both the IT and DT group mean scores significantly changed over time. For both domains, the mean scores for the IT participants decreased significantly and the mean scores for the DT participants increased significantly. Recall that lower scores on the WHO-DAS II indicate better health states and higher scores poorer health states. Thus, the results of these analyses indicate improvements in perceived health status related to the specific domains of communication and participation as a function of hearing aid use.
In addition, when perceived health status in the WHO-DAS II domains of communication, mobility (getting around), self-care, interpersonal relationships (getting along with others), life activities at home and work, and participation in society are aggregated to provide a total estimate of generic health status, improvements as a function of hearing aid intervention also were demonstrated. As with the APHAB global scores, the decrease in mean scores as a function of test interval for the DT group may reflect a "response shift" or it may reflect a true change in health status.
Effect sizes. Effect sizes calculated from the IT group data for the WHO-DAS II communication and participation domains as well as total scale scores are listed in Table 4 . For comparison purposes, effect-size measures from the two disease-specific instruments, the APHAB and the HHIE, are also shown. Only one of the effect-size estimates would be interpreted as large, and this is for the APHAB global score. Perhaps this is not surprising, as the primary goal of hearing aid intervention is to improve auditory performance, and the APHAB is specifically designed to assess auditory functioning in daily life and to capture how a hearing aid improves that functioning (Cox and Alexander, 1995) .
The effect sizes for the HHIE total score and the WHO-DAS II communication domain score were moderate. The HHIE does not directly assess auditory functioning, but rather, it assesses the emotional and social response to reductions in auditory functioning, which will be influenced by a variety of personality, health, economic, lifestyle, and family variables (Ventry and Weinstein, 1982) . Thus, whereas the HHIE is a widely accepted disease-specific outcome measure for hearing aid intervention, factors other than how much the hearing aid improves auditory functioning will likely influence scores. Similarly, an examination of the items that comprise the WHO-DAS II domain score of communication (Table 1) reveals that none of the items specifically refer to au- ditory functioning, but rather, responses on several items are highly likely to be influenced by auditory status. The finding of a moderate effect size for the WHO-DAS II domain of communication was encouraging as it suggests the use of these domain scores would be appropriate in future studies of hearing aid intervention and possibly for examining individual differences in clinical settings. The effect-size estimate calculated for the WHO-DAS II participation domain score was negligible, suggesting that this scale is not particularly responsive to hearing aid intervention. The fact that significant group differences were found in the inferential statistical analysis of the IT and DT participants is likely accounted for by the relatively large number of participants. As Cohen (1988) discusses, with large samples, results may indicate statistical significance when, in fact, only a tiny effect is present. Because effect-size indices are independent of sample size, they are often considered a better measure of research outcome when the goal is to determine clinical or practical significance.
The effect size calculated for the WHO-DAS II total score was small. Because the effect size is small, the total score would likely be useful in studies with relatively large numbers of participants but not useful in examining individual differences in clinical settings. As support for the utility of the total score in large group studies, consider the data from the inferential statistical analysis for the IT and DT participants. If an effect size were calculated for the "difference between the change scores for the two groups as a function of intervention," the result would be an effect-size estimate of 0.62. That is, there would be a mean difference of 0.62 standard deviations between the change scores of the treatment and control groups. As discussed by Hyde (2000) , the median effect size recently achieved in studies of treatment effectiveness is about 0.4, or a mean difference of 0.4 standard deviations between treatment and control groups. Thus the finding of an effect size of 0.62 for the "difference" between the IT and control DT group for the WHO-DAS II total change scores in the present study would be reasonable in terms of the responsiveness of many instruments currently utilized in treatment effectiveness research. ). An examination of the means shown in the top panel of Figure 2 for the communication domain indicates a response shift from baseline to retest such that a significantly higher mean of 24.8 was obtained at retest than at baseline (mean, 22.4) . The shift in means suggests a decrease in perceived communication ability during the no-intervention period. Mean differences as a result of hearing aid intervention can also be seen for the communication domain. All postintervention means were significantly lower than both the baseline and retest mean scores. The lowest mean score (15.4) for the communication domain was measured at the 2-month, postintervention visit. Mean scores for the communication domain rose slightly at 6 months after the hearing aid fitting (mean, 15.9) and again at 12 months after the hearing aid fitting (mean, 16.3). However, post hoc testing revealed that there were no significant mean differences among the postintervention scores.
The mean participation domain score of 19.0 (middle panel of Figure 2 ) obtained at retest also was found to be significantly higher than the mean score of 16.6 obtained at baseline, again indicating a response shift. The mean scores obtained at 6 months (mean, 14.2) postintervention were significantly lower than the scores obtained at baseline and retest. At 2 months (mean, 15.5) and 12 months (mean, 16.9) the scores were significantly less than the retest score but not the baseline score. In addition, the 12 month score was significantly higher than the 6 month score.
For the WHO-DAS II total score, the scores obtained at baseline (mean, 15.8) and retest (mean, 18.3) were significantly different from each other, as shown in the lower panel of Figure  2 . At 2 and 6 months postintervention, the mean scores of 14.0 and 13.7, respectively, were found to be significantly less than the mean scores obtained at the baseline and retest sessions. At 12months postintervention, the mean WHO-DAS II total score increased to 15.3, which was significantly different than the means scores obtained at 2 and 6 months postintervention. Further, the mean 12-month score was not significantly different from that obtained at baseline.
APHAB. The mean scores and standard errors for the APHAB global scores are illustrated in was observed for the APHAB global scores (F [4,1516] = 895.3). Similar to the results for the WHO-DAS II communication domain scores, the mean baseline global score of 47.3 rose significantly to 49.6 at retest, suggesting a perceived increase in communication difficulties. The mean global score decreased significantly after 2 months of hearing aid use (mean, 18.7). Mean scores at 2 months and 6 months (mean, 19.5) after the hearing aid intervention did not differ significantly, suggesting that the initial improvement in communication ability as measured by the global score of the APHAB was maintained for at least 6 months after the use of hearing aids. The mean global score of 21.1 at 12 months postintervention did show a statistically significant increase in perceived communication difficulty compared with the 2-month and 6-month postintervention scores. On average, however, participants reported significantly less difficulty in self-perceived communication performance after 12 months of hearing aid use compared with the preintervention scores. HHIE. The means and standard errors for the HHIE total score can be seen in Figure 4 . As expected, a main effect of test interval was obtained for the HHIE total score (F [4,1516] = 605.9). Contrary to the results from the WHO-DAS II communication domain score and the APHAB, but similar to the results of the WHO-DAS II total score, the mean HHIE total score of 41.4 at baseline was not significantly different than retest (mean, 42.0). The finding of similar HHIE total scores at baseline and retest suggests that on average, self-perception of handicap related to hearing loss remained stable during the no-intervention period. A significant decrease in mean HHIE total score to 11.0 was observed after 2 months of hearing aid use and was maintained at the 6month postintervention follow up (mean, 11.3). Although all of the HHIE mean total scores for the postintervention intervals were significantly less than at baseline or retest, a slight but statistically significant increase to 13.0 was seen at 12 months postintervention compared with the 2month and 6-month mean data.
Individual Differences. Table 5 shows the number of participants in the IT and DT groups whose change scores from retest to each of the test sessions after hearing aid intervention exceeded the 90% critical differences for a true change in score for the WHO-DAS II communication and participation domains, total scores, and for the scores from the two disease-specific instruments, the APHAB and the HHIE. Critical difference estimates for all measures were obtained from Chisolm et al. (2005) . The decision to use retest rather than baseline data was based on the significant changes in mean scores from baseline to retest for the WHO-DAS II communication and participation domain scores as well as for the APHAB global score. As discussed by Demorest and Erdman (1988) , test-retest stability for the determination of critical differences should employ test-retest intervals comparable to the interval over which treatment effects are to be assessed. The long-term critical differences reported by Chisolm et al. (2005) were obtained after 10 weeks of no treatment. Thus, the data obtained at 2 months after the hearing aid intervention are the most reasonable to examine. Although there are no comparable data examining how true scores might vary on the WHO-DAS II, APHAB, or HHIE measures, the change scores for treatment intervals of 6 and 12 months, are still presented for comparative purposes.
An examination of the 2-month data in Table  5 reveals that the APHAB instrument had the largest number of participants who, as a result of hearing aid intervention, exhibited change scores that exceeded critical difference values. This finding is consistent with the results discussed previously for the measurement of effect sizes. That is, the purpose of hearing aid use is to improve auditory performance, and the APHAB directly assesses self-perception of auditory functioning in daily life and how hearing aids improve that functioning. Thus, it is not surprising that the APHAB is the most sensitive measure, among those used in the present study, for detecting clinical effects in individual participants. Approximately two thirds of participants whose change scores exceeded critical differences on the APHAB exhibited change scores that exceeded critical differences for the HHIE. The effect-size estimate for the HHIE (0.74) was much less than that for the APHAB (2.19), so this finding was not surprising.
Because effect sizes on the WHO-DAS II scores were much smaller than for either of the two disease-specific measures, it would be ex- pected that fewer participants would exhibit change scores as a function of hearing aid use that exceeded critical differences. The effect size for the participation domain score was essentially negligible, so it is not surprising that only about one fourth of the participants had change scores that exceeded the critical difference. Caution should be taken in interpreting the data for 6 and 12 months due to a lack of comparable data for nontreated groups at these time intervals; however, the pattern found at 2 months remained the same: the greatest number of individuals exhibiting change scores exceeding critical differences occurred for the APHAB global score and the least number for the WHO-DAS II participation domain scores. Taken as a whole, these findings demonstrate the expected greater sensitivity of the disease-specific measures than generic measures for determining clinically significant individual changes as a function of hearing aid intervention.
Summary and Conclusions
The WHO-DAS II is a new generic health-status instrument that has good potential for use in the assessment of hearing aid intervention in adults with acquired hearing loss. The need for audiology to find a generic instrument for use in assessing intervention strategies for individuals with adult-onset hearing loss stems from a lack of sensitivity to hearing aid intervention for previously examined generic instruments (Bess, 2000; Abrams et al., 2005) and to changes in healthcare resource allocation from a specific cost for a service to the calculation of the cost for a service as a function of improved patient health status (Beck, 2000) . Previous work by Chisolm et al. (2005) indicated that the WHO-DAS II domain scores of communication and participation, as well as the WHO-DAS II total score, which is calculated by aggregating across all WHO-DAS II domain scores, met psychometric criteria for consideration as a hearing aid outcome measure. The goal of the present study was twofold. First, the responsiveness of the WHO-DAS II communication domain, participation domain, and total scores to hearing aid intervention was examined. In examining WHO-DAS II responsiveness, the effects of hearing aid intervention on two disease-specific instruments, the APHAB global scale and the HHIE total scale were also examined. The second goal was to examine outcomes of hearing aid intervention over the course of 12 months as measured through the WHO-DAS II scores and also through the disease-specific measures.
Inferential statistical analyses confirmed that all three WHO-DAS II measures resulted in statistically significant changes as a function of hearing aid intervention. As expected, statistical analyses revealed significant hearing aid treatment effects for both the APHAB and the HHIE measures. An unexpected finding for the APHAB global scores and for all of the WHO-DAS II measures was a statistically significant increase in mean scores during the no-intervention period for the wait-list (DT) control group. It was postulated that these differences could either be reflective of response shifts or, possibly, true changes in health status. Future studies in which a retrospective assessment of baseline status is examined would help elucidate this issue.
Examination of effect-size indices revealed, as expected, that disease-specific measures, yield larger effect sizes than do generic measures. In terms of the WHO-DAS II measures, the negligible effect size found for the participation domain scores would argue against the use of these domain scores in future studies of hearing aid intervention. The moderate effect size observed for the communication domain suggests that the scores obtained for this domain might be as useful as the HHIE total score in future studies. Although the effect size for the WHO-DAS II total score was only small, this measure has potential for use in studies that include large numbers of participants, particularly since the administration will also allow for calculation of communication domain scores. It is important to recall that although the WHO-DAS II communication scores assess a particular domain of health status, the items are not specific to hearing loss. Thus the communication domain score as well as the WHO-DAS II total scores would have relevance across a variety of diseases and disorders that might affect the ability of an individual to understand and communicate during activities of daily living.
With regard to the second goal of this study, the examination of outcomes over a 12-month interval, significant effects of hearing aid intervention were found after 2 months of hearing aid use on the WHO-DAS II communication domain, participation domain, and total scores; and, also on the APHAB global and HHIE total scores. The latter finding was expected, as the two disease-specific measures (APHAB and HHIE) are known to be useful in assessing hearing aid efficacy. Similarly, since all WHO-DAS II measures are responsive to hearing aid intervention, the finding of hearing aid benefit at 2 months was not surprising.
More important than the demonstration of short-term benefits of hearing aid intervention, however, was the demonstration of maintained effects of hearing aid intervention up to 12 months, not only for the two disease-specific measures but also as measured by the communication domain scores. In addition, stability of beneficial treatment effects was observed for up to 6 months as measured by the participation domain and total scores.
The finding that the stability of the WHO-DAS II outcomes was most apparent for the WHO-DAS II communication domain seems reasonable, as the primary goal of a hearing aid is to improve speech understanding. The efficacy of hearing aid intervention in achieving the goal of improved speech understanding is also demonstrated in the significant and stable treatment effects demonstrated through the APHAB data.
Although the primary goal of hearing aid intervention is to improve activity limitations related to speech understanding and communication, it is also expected that improvements in understanding and communication will lead to a lessening of activity limitations and participation restrictions that arise secondary to a hearing loss (e.g., Stephans et al., 2003) . The efficacy of hearing aids in terms of the lessening of participation restrictions is highlighted by the significant and relatively stable changes in the HHIE over the course of 12 months after the hearing aid fitting. Further, the overall impact of hearing aid intervention for lessening activity limitations and participation restrictions for at least the first 6 months of hearing aid use is supported by the significant changes from baseline that were found at the 2month and 6-month test intervals for the WHO-DAS II participation domain and total scores. Over the last decade, an issue in hearing aids outcomes assessment has been the consistency of outcomes over time. As Humes (2001) points out, this issue is important since, if outcomes are stable, then initially obtained results will suffice for either clinical or research purposes. If outcomes change, however, then a longer period of followup would be needed. Indeed, Humes (2001) found that for many self-report measures, out-comes obtained at 6 and 12 months after the hearing aid fitting were significantly worse than those obtained at 1 month. Although there appeared to be long-term stability of disease-specific self-report outcomes for the APHAB and the HHIE in the present study, the WHO-DAS II total score outcomes were only stable out to 6 months. This is the case for many self-report outcome measures used to assess hearing aid intervention (e.g., Humes, 2001) ; however, we concluded that the WHO-DAS II total score shows sufficient stability to be useful in assessing the effects of hearing aid intervention in group studies.
Finally, in the examination of individual differences for the WHO-DAS II measures, the APHAB and the HHIE demonstrate the advantages of using disease-specific questionnaires in clinical settings. The number of participants whose scores exceeded the 90% critical difference, suggesting true change in scores as a result of hearing aid intervention, was much higher for the disease-specific measures than for any of the WHO-DAS II measures. Although disease-specific measures have obvious advantages for use in hearing aid clinical trials, their use alone would negate the possibility of comparison with interventions for other diseases or disorders. To ensure comparability of health status outcomes across different patient groups, it is important to include a generic instrument along with diseasespecific instruments in clinical trials research.
Before drawing conclusions from this study, certain limitations must be acknowledged. The primary limitation relates to the participants. Most of the participants were men and all were veterans who received hearing aids at no cost through the VA's National Hearing Aid Program. All participants were new hearing aid users. With these cautions in mind, the following conclusions can be drawn:
1. An examination of responsiveness through inferential statistical analyses and the calculation of simple effect sizes shows that the WHO-DAS II communication domain scores and total scores are useful generic instruments in future clinical trials of hearing-aid intervention.
Group outcomes for hearing aid intervention
can be expected to be stable for at least 6 months when measured by WHO-DAS II total score and for at least 12 months when measured by the WHO-DAS II communication domain scores.
3. Group outcomes for hearing-aid intervention can be expected to be stable when assessed by using either of the two disease-specific measures used in this study, the APHAB global score and the HHIE total score, for at least 12months. 4. Effect-size estimates and examination of the number of individuals exhibiting change scores exceeding 90% critical differences for true changes in scores indicate that for clinical applications, disease-specific instruments are likely to be more useful than the WHO-DAS II.
